Activated ras regulates the proliferation/apoptosis balance and early survival of developing micrometastases.
Mutant, activated ras oncogenes are found in many human cancers. Experimental studies have shown that Ras enhances metastatic ability in several cell types. However, the biological mechanisms by which Ras contributes to metastasis remain poorly understood. Our goal was to determine which steps in the formation of macroscopic metastases were affected by Ras. Green fluorescent protein-transfected NIH 3T3 and T24 H-ras-transformed (PAP2) fibroblasts were injected via mesenteric vein to target mouse liver. The proportion of cells that survived at each step of the metastatic process (at 60 min to 14 days after injection) were quantified. We found that Ras did not enhance the ability of cells to extravasate from liver sinusoids or to survive as solitary undivided cells in liver tissue. Furthermore, we found that a subset of cells from both cell lines initiated growth to form micrometastases by day 3. Only micrometastases formed by ras-transformed cells, however, persisted to form macroscopic metastases by day 14, whereas most NIH 3T3 micrometastases disappeared. We investigated this difference in maintenance of developing metastases by quantifying apoptosis and proliferation within the micrometastases. PAP2 metastases had a significantly higher proportion of proliferating cells as compared with apoptosing cells, whereas NIH 3T3 metastases had low proliferation and high apoptosis levels. Whereas the ability of Ras to induce vascular endothelial growth factor has suggested one way that Ras might affect metastatic ability (through induction of angiogenesis), our study provides in vivo evidence for a direct role for Ras in maintenance of metastatic growth via a shift in proliferation/apoptosis balance to favor metastatic growth.